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Abstract
This paper summarizes recent work accomplished at
the Naval Postgraduate School and Yuma Proving
Grounds on the hardware-in-the-loop and flight testing
of the Affordable Guided Airdrop System (AGAS) for
a G-12 circular parachute.
Introduction
As the Joint services migrate towards Network Centric
warfare, the critical key factors include decreasing the
logistics tail that is required to support an organization
in the field with Point of Use Delivery. In this concept
an operational force would not need to be self sufficient
for an extended period of time or require an on hand
stockpile of spare parts for contingencies. To this end a
US AF report "New World Vistas, Air and Space Power
for the 21st Century,"1 identified a critical need to im-
prove the Point-of-Use Delivery; that is, getting the
materiel where it needs to be, when it needs to be there.
Precision airdrop is an important aspect of Point-of-
Use Delivery. The problems involved in supply airdrop
can be traced back to World War DL Airdrop by the
Allies on the Western Front was often a guessing
game, and with swirling winds and bad weather, many
times the food and equipment would fall into the
wrong hands. The Marines in the Chosen Reservoir
during the Korean War lost practically all of their sup-
ply reinforcements to the Chinese because of inaccurate
airdrop. US and allied forces in the Persian Gulf, Haiti,
Somalia, and Bosnia, and humanitarian efforts to
third-world countries have experienced the same frus-
tration. Thus, the US AF report indicated that immedi-
ate improvements are needed with emphasis provided
by the statement: "In the future, the problem of airdrop
should be treated as seriously as the problem of bomb
drop.**
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Large-scale parafoil systems currently exist and
ensure 99% landing accuracy in a hundred-yard circle
when guided by a beacon. They provide the accuracy
required with delivery from a high altitude platform
and standoff from potential ground based anti-air
threats. The drawback is prohibitive cost for each
pound of payload delivered. Alternate approaches were
required to reduce system cost. The team of the US
Army, Air Force, the Naval Postgraduate School, and
Vertigo, Incorporated is evaluating improved Afford-
able Airdrop Technologies. These efforts include the
design and development of the AGAS, which incorpo-
rates a low-cost guidance, navigation, control and ac-
tuation system into fielded cargo air delivery systems.
The current design concept includes implementa-
tion of commercial Global Positioning System (GPS)
receiver and of a heading reference as the navigation
sensors, a guidance computer to determine and activate
the desired control input, and the application of Pneu-
matic Muscle Actuators (PMAs) to effect the control.
The navigation system and guidance computer will be
secured to existing container delivery system while the
PMAs will be attached to each of the four parachute
risers and to the container. Control is affected by
lengthening a single or two adjacent actuators. The
parachute deforms creating an unsymmetrical shape,
essentially shifting the center of pressure, and provid-
ing a drive or slip condition. Upon deployment of the
system from the aircraft, the guidance computer would
steer the system along a pre-planned trajectory. This
concept relies on the sufficient control authority to
overcome errors in the wind estimation and the point
of release of the system from the aircraft.
A great deal of work on the development of AGAS
has been done to date. The results of that effort are
reported in Ref.2, where the authors describe in detail
the principle of operation of the PMA's developed by
Vertigo, the model development for G-12 circular
parachute and the development and simulation of a
GNC system for G-12 that uses the PMA's to steer it
along a precompiled trajectory (CARP).
This paper is organized as follows. Section 1 dis-
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to test the GNC system developed in Re£2. Section 2
describes the flight test setup and pre-flight testing
accomplished at YPG in February. The paper ends
with conclusions.
1« Hardware-in-the-Loop Simulation
Figure 1 includes the diagram of the feedback system
consisting of the point-mass G-12 parachute model, the
PMA model and of the GNC system developed in
Ref.2-4. This system was extensively tested in simula-
tion and was shown to perform within the specs out-
lined for AGAS, provided that the wind profile used to
compute the CARP trajectory was sufficiently recent.
The next natural step is to test this system in a simula-
tion that includes some of the hardware components to
be used in the flight test. Such a simulation is widely
known as *liardware-in-the-loop simulation" (HTTL).
Figure L AGAS si developed in ReO
Consider Figure 2. It represents a functional dia-
gram of the HITL simulation used to test the GNC
system developed in Ref.2-4. The hardware component
of the simulation was the actual PMA system devel-
oped by Vertigo Inc (see Figure 3). As is shown in Fig-
ure 2 the actuator commands generated by the GNC
system were transmitted to the PMA's via a master-
slave Futaba® RC transmitter system (see Figure 4).
The PMA system was designed to accept RC (radio
control) commands from a ground operator. By rewir-
ing a slave transmitter to accept analog inputs we have
allowed a computer to replace the ground operator. To
insure the proper functionality of Futaba® transmitter
system the PCM (pulse code modulated) commands
sent by the master Futaba® transmitter were sensed by
a separate Futaba* receiver. The pulse width of the
PWM (pule-width modulated) signal generated by this
receiver was sensed by the PWM device installed in the
HITL computer. The pressures in each of the four
PMA actuators were sensed by the pressure transducers
installed in the PMA box. The current generated by the
transducers was converted into voltage via simple re-
sistor circuit and fed to the computer through an A/D
port. This voltage converted into the corresponding
pressure was used to drive the G-12 model in the com-
puter. The computer system employed to run the HITL
was the Xmath/Realsim based AC104 system devel-
oped by Windriver5. This system provides simulation
environment that allows for the high-level simulation
code to be autocoded and implemented in a real-time
processor with access to a number of I/O devices.
Clearly, the HITL described in this paper employed the
A/D, D/A and PWM ports (see Figure 2).
Figme 2, diagram, of the HITL simulatioe
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The complete physical setup used for HTTL tests is
shown in Figure 5. In addition to the hardware compo-
nents discussed above, this figure includes pictures of
thelS foot pneumatic muscles with SO Ib weights at-
tached to them, the AC104 computer system with the
host computer, the Futaba® receiver and of the 4500
psi nitrogen tank used to fill the PMA's. The hitter end
of the PMAs near the actuator box was fixed to the I-
beam in the background. This load is far less than the
PMAs are capable of lifting and was primarily used for
demonstration of action, to aid a more complete actua-
tion (venting), and to dampen the fill response. Inside
the shelf is the host fflTL computer with the GUI dis-
played on the screen. On top of the shelf are the master
Futaba® with the slave behind it. The monitor on top
displays the status of the AC-104. To the right on the
small stand is the AC-104 with the appropriate con-
nections. The only hardwire between the PMA box and
the control equipment is the 9-wire for pressure read-
ing. Since we operated indoors at a reduced tank pres-
sure we kept the box connected to a tank of maximum
2000 psi to minimize internal tank depletion during
tests.
Figure 5. Complete H1TL setup
This HTTL setup was initially used to verify the
PMA model developed in Ref.2. Figure 6 shows com-
parison of the responses to the fill and vet commands
by the PMA model and the PMA system used in fflTL
(denoted by the dashed red and solid blue lines respec-
tively). Clearly, the fill command response exhibited by
the model is significantly faster than that of the
PMA's. This can be attributed to the feet that the
PMA's in fflTL simulation were only pressurized to
2000 psi for safety reasons. On the other hand, the
PMA model in Ref.2 was developed based on the tests
conducted at 4500 psL Therefore, the computer model
of the PMA's was modified to reflect the change ob-
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figure 6. C089arisGfflt of the iiMxMed and PMA
responses
The modified PMA model was used to compare
the AGAS performance predicted by the computer
simulation with the performance obtained in HTTL.
The predicted miss distance in simulation was 121 feet,
while the miss distance observed in HITL was 130 ft.
Figure 7 includes time histories of the fill and vent
responses in PMA's 2 and 4. The red line shows re-
sponses produced by the PMA model prior to the
change, while the green line shows the responses of the
modified model. Responses of the actual PMA's are
shown in blue. Incidently, the miss distance predicted
by the simulation that used the PMA model shown in
red was 21 ft. This test clearly demonstrated the value
of hardware-in-the-loop simulation.














Figure 7. Fill time response for PMAs 2 and 4
2. Flight test setup
The current status of the AGAS project includes prepa-
ration for the flight test. The current flight test archi-
tecture is shown in Figure 8. Figure 9 shows the flight
test code named Parachute in the Loop (PITL) that was
developed in the Xmath/Realsim environment to flight
test the GNC system. The model is also used to test
(xmmunication and control links with the airborne
payload package.
Consider Figure 8. The guidance and control algo-
rithms are implemented on the ground based computer
system (AC-104 and host). Measurements of the pay-
load system state are transmitted from the payload
package to the ground via RF modem. System states
include position and velocity derived from a twelve
channel GPS at 1 Hz and heading information derived
from an electronic compass at 2 Hz. The 2 Hz update
rate is sufficient for the anticipated frequency spectrum
of the velocity of the platform and of the wind data.
The ground computer processes state information and
transmits control commands via Futaba® RC system
(evolution to an RF modem uplink is in progress).
These initial efforts will define the interface architec-
ture between the GNC system, PMA actuators and on-
board GPS and heading sensors and will provide flight
data to refine the G-12 parachute model for further
studies.
The ground control station (see Figure lOa) ami-
ploys the same hardware as was used in HITL simula-
tion (see previous section). Additional equipment in-
cludes a serial communications card on the SBS
GreenSpring Flex/104A PC/104 carrier board accessed
on the AC-104. A Freewave RF modem is connected to
it A linear amplifier for the Master Futaba® to en-
hance control up to 10,000 feet will be used for payload
drops.
The test package (Figure lOb) includes the AGAS
box with all its inherent equipment and PMAs, one G-
12 parachute, a GPS, a heading reference system, a
temperature sensor, the pressure sensing circuitry, on-
board data processor and storage, and an RS-232 capa-
ble Freewave® wireless data transceiver. The payload
package itself is only about a quarter of the size of the
payload shown on Figure lOb. Honeycombed cardboard
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Figtiie 8, Flight lest setup
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a) b)
FigurelO. AGAS control station (a) and the AGAS package rigged for deployment (b)
Conclusions
The paper shows the results of preliminary HITL ex-
periments and of the flight test setup for the AGAS
project. Currently AGAS is prepared for the flight test.
Originally it was scheduled for the end of February
2001 but because of adverse weather conditions cm the
test site it was postponed for the later date.
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